The Placental Gonadotrophin and Luteal Function in Monkeys (Macaca mulatta) * by Hisaw, Frederick L.
THE PLACENTAL GONADOTROPHIN AND LUTEAL
FUNCTION IN MONKEYS (MACACA MULATTA)*
FREDERICK L. HISAW
Among the gonadotrophins, none has been studied more thor-
oughly than the active agent present in the blood and urine of preg-
nant women (Engle"5). Its chemical properties and the biological
responses it is capable of inducing have been studied with great
thoroughness, but as yet we are in total ignorance concerning the
physiological significance of its presence in the pregnant primate.
As recently as 1943, an editorial in the Lancet concludes with the
remark that, "Chorionic gonadotrophin . .. is interesting as becoming
an established active principle with no known function."
Whatever the function of this substance may be it is definitely
known tobe ofchorionic origin (Jones,Gey,andGey22) and therefore
should be considered as a hormone of pregnancy, a point that has
been emphasized by a number of investigators. This fact places the
chorionicgonadotrophin of the human being, and presumablythat of
the monkey (Hamlett,"6 Delfs11) and chimpanzee (Zuckerman,27
Elder"3), in the same general category of other known placental
gonadotrophins such as that of the horse (Catchpole and Lyons,6
Cole and Saunders,7 Day and Rowlands"0), the rat (Astwood and
Greep3), andprobably the mouse (Newton24) and hamster (Klein').
Sufficient experimental evidence is at hand to show that the placental
hormones ofthe several groups of mammals mentioned differ widely
both as to physiological action and chemical properties, yet they are
all probably concerned with maintaining the conditions of pregnancy
in their respective species (Hisaw and Astwood20).
Experimental resultsgive rise to considerable doubt as to whether
this hormone from the human chorion should be considered as a
gonadotrophin. It does not promote follicular growth in the ovaries
of Macaca mulatta or women (Brown, Bradbury, and Metzger4).
In fact, its administration brings aboutfollicularatresiaandhyaliniza-
tion associated with blanching of the sexual skin and uterine bleeding
in monkeys (Engle"5). However, in women it extends the length
of the luteal phase of the menstrual cycle and increases the amount
of pregnanediol excreted (Browne and Venning5).
* From the Biological Laboratories, Harvard University. Aided by a grant
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Chorionic gonadotrophin in the blood and urine of pregnant
women, chimpanzees, and monkeys attains its greatest concentration
in earlypregnancy at a time when the placenta is undergoing its most
rapid development and is becoming established in the endometrium.
In fact, in 'the chimpanzee and monkey it has been detected only
during this period.. Thus it seems that the chorionic gonadotrophin,
atleast in the monkey and chimpanzee, might be concerned primarily
with the transition of the physiological conditions of the menstrual
cycle to those of pregnancy. This would involve prolonging the
functional life of the corpus luteum, and if this is true, it suggests
that the primate chorionic hormone is essentially a luteotrophic
agent. The experiments described in this paper were devised to
test this idea.
Procedure
The purpose of these experiments was to test the action of the chorionic
gonadotrophin of human urine on the functional life of the corpora lutea of
monkeys (Macaca mulatta). Adult animals whose menstrual cycles had been
observed for two or more years were used in most of the experiments. A few
preliminary observations were made on animals whose menstrual histories
were not known. However, in all instances the presence of a corpus luteum
was determined by laparotomy during the luteal phase of the cycle. The
first day on which external bleeding was observed was taken as the first day
of the menstrual cycle and all succeeding events and dates during the normal
and experimental cycles were counted from that time. Those animals in
which obviously functional corpora lutea were found were started immediately
on daily subcutaneous injections of chorionic gonadotrophin and continued
until the beginning of the next menstruation. Tissues for histological study
were obtained by surgical removal or by killing animals at selected stages of
the experiments.
Results
The presence of a functional corpus luteum was established in
15 monkeys and the animals were given daily injections of chorionic
gonadotrophin until the appearance of the next menstruation. The
length of these experimental cycles varied from 34 to 53 days, with
an average of 41.93 days (table 1). The average length of 47 nor-
mal cycles of this group of monkeys immediately preceding treat-
ment with chorionic gonadotrophin was 26.57 days, a difference in
average length of 15.29 days. It is quite obvious from these results,
that the injections of chorionic gonadotrophin postponed bleeding
well beyond the time it normally would have been expected to occur.
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TABLE 1
THE EFFECTS OF CHORIONIC GONADOTROPHIN ON THE LENGTH OF THE NORMAL
MENSTRUAL CYCLE
Laparo- Chorionic Dura- Lengthof
Normal tomy gondo- tion of experi-
menstrual day of trophin. treat- mental
Animal Cycles cycle (i.u. daiy) ment cycle Remarks
93 20 330; 6 days 15 35 Killed 35th day
_ 800; 9 days I-
95 18 900 16 34 Killed 38th day
96 24 1000 19 43 Bleeding 48 hrs.
Killed 50th day
111 __________ 21 500 18 39 Killed 39th day
113 22 500 19 41 Killed 43rd day
122 24,24 18 1000 31 49 Killed 49th day
123 25 20 1000 14 34 Treatment cont.
2nd bleeding 50th day
Ovary removed 57th
day
124 27,30, 22, 28, 19 700 22 41
32
125 28,28,27,27 21 500 25 46
(37,28, 29)*
130 22 (24, 22, 18 1000 32 50 Ovaryremoved
1 21,23) 50thday
131 20 20 1000 18 38 Treatment cont.
Intermittent bleeding
Killed 58th day
-136 28,27, 27 19 500 23 42
(34,21, 30)
137 30,26,24,25, 19 500 24 43
26, 25 (17,
40,23, 25) _
140 26,26,27 24 500 29 53
_ (19, 18) ____
146 27, 27, 28,28, 19 500 22 41
______ 25 (41, 24)
139 30,28,25 19 500 3 22 Corpus removed at
(30) ___ _ ___ laparotomy
*The menstrual cycles in parentheses are those succeeding a treatment, the first
being in italics, while those not in parentheses immediately preceded treatment.
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The degree to which the cycle of a particular animal was pro-
longed does not seem to be correlated with the length of the preced-
ing normal cycles, the time in the luteal phase at which treatment
was begun, or the dosage of gonadotrophin injected. Nor is there a
correlation between these factors and the number of days chorionic
gonadotrophin was administered before bleeding occurred.
Similar results were also obtained with sexually immature mon-
keys and animals whose normal cycles were irregular, by growing
follicles with follicle-stimulating hormone (FSH), luteinizing them
by intravenous injections of pregnant mare's serum (PMS) or chor-
ionic gonadotrophin, and continuing the experiment by giving chor-
ionic gonadotrophin subcutaneously (table 2). In such experiments
the total amount of luteal tissue in the ovaries was much greater
than that contained in the corpus luteum of a normal cycle, yet the
total length of such cycles and the number of days chorionic gonado-
TABLE 2
EFFECTS OF CHORIONIC GONADOTROPHIN ON ARTIFICIALLY INDUCED LUTEAL TISSUE
Luteinization
daily dose Chorionic Length
FSH PU PMS Lapa- gonado- of
RU FSH (i.u.) (i.u.) rotomy trophin exp.
Animal daily* Days (Sub.)t (Ifnv.) (Inv.)t Days day i.u. daily cycle Remarks
97 10 15 50 1000 16-18 3 1 250 16 34 Luteinization
Noovulation
121 5 10 5 20 11-15 19 600 31 46 Killedbefore
bleeding
No ovulation
128 5 10 5 20 11-15 19 600 37 52 4 ovulations
142 5 8 20 9 and 1 6 700 3 36 | ovulation
11 1400 4
700 16
* I RU of FSH= 100%o increase in ovarian weight, following four daily subcutaneous
doses.
t Sub. = subcutaneous; Inv. = intravenous
i.u. = international unit
FSH follicle-stimulating hormone
PU pregnancy urine hormone (chorionic gonadotrophin)
PMS = pregnant mare serum
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trophin was given before -bleeding did not differ significantly from
the results of similar experiments on the normal animal.
One ofthe basic assumptions from the beginning of these experi-
ments was that chorionic gonadotrophin lengthened the cycle by pro-
longing the functional life of the corpus luteum. This was founded
on the common experience that bleeding invariably follows shortly
after the removal of the functional corpus luteum and the consequent
absence of progesterone. The progestational conditions observed in
the uteri of animals on chorionic gonadotrophin also supported this
idea. Therefore, the dependence of the inhibition of bleeding on
the corpus luteum seemed so obvious that little effort was made to
obtain further proof for this point. However, in one monkey (139)
the ovary containing the corpus luteum was removed at the time of
laparotomy on the 19th day of the cycle and, although injections of
chorionic gonadotrophin were started on the same day, menstruation
occurred within about 48 hours. This is the usual length of time
which elapses between the removal of a functional corpus luteum
and bleeding, thus indicating that the injected gonadotrophin had
no inhibitory effect.
In contrast with the results with chorionic gonadotrophin, the
luteotrophic hormone of the pituitary (prolactin) did not lengthen
the menstrual cycle beyond its normal limit (table 3). This dearly
TABLE 3
EFFECTS OF PITUITARY LUTEOTROPHIN (PROLACTIN) ON THE NORMAL
MENSTRUAL CYCLE
Normal Duration Length of
menstrual Prolactin of experimental
Animal cycles Laparotomy (i.u. daily) treatment cycles
123 27, 24, 24 20 120 5 25
124 28,26 (57, 19 120 8 27
27, 28, 34)*
125 28,28,26, 21 240 3 24
25 (47)
140 32 31 30 19 240 5 24
24.1
* Menstrual cycles in parentheses are those next following the conclusion of the
experiment, the first being italicized. Those not in parentheses immediately pre-
ceded the experiment.
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indicated that the action of these two luteotrophic hormones was
quite different. The secretory life ofthe corpus luteum, when under
the influence of the pituitary factor, was much shorter than when
luteal function was maintained by the placental hormone. Further-
more, these observations also indicated that the cessation of luteal
function and the subsequent bleeding were not necessarily due in
either instance to an absence of luteotrophic stimulation but was the
result of a failure to respond on the part of the corpus luteum.
The menstrual cycles of monkeys following a series of injec-
tions of chorionic gonadotrophin showed certain rather interesting
peculiarities (table 1). In one instance (130) the subsequent cycles
were of normal length, in three (125, 136, 146) the first cycle after
treatment was abnormally long, in one (137) they were irregular
and in one (140) they were shorter than normal. Pituitary luteo-
trophin had a similar effect (table 3). In two animals (124, 125)
the first cycle following treatment was abnormally long. These
animals were subjected to a laparotomy so it is not possible to differ-
entiate between the possible results of surgical trauma and the effects
of the injected hormones. However, it is of interest to note that
the one animal (130) whose cycles were not disturbed by the treat-
ment, received chorionic gonadotrophin for 32 days and was
laparotomized both at the beginning and at the conclusion of the
experiment.
Monkeys on chorionic gonadotrophin showed many effects that
were very similar if not identical with those observed by Hisaw,
Greep, and Fevold2' in castrated monkeys which had been given
simultaneous injections of estrogen and progesterone. This was
true particularly of the sexual skin and vaginal mucosa. The sexual
skin either retained or developed a purplish-red color which in cer-
tain animals became quite intense. This coloration persisted until
shortly before or soon after bleeding, after which, if the treatment
was continued, the sexual skin soon lost most of its purplish quality
butremained red.
The change in the vaginal mucosa involved a marked decrease
in the degree of cornification. The thick, heavily cornified mucosa,
present at the time of ovulation, became much thinner as the treat-
ment progressed. Dierk's layer was lost, and the cells released
into the vaginal cavity retained prominent nuclei. The cellular con-
tent of the vaginal smears also decreased and the vaginal lavages of
some animals remained almost clear for a considerable period before
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menstruation. When the injections of chorionic gonadotrophin were
continued, mitotic activity in the vaginal mucosa increased and
Dierk's layer reappeared, at least in localized areas, even before the
end of menstruation which was usually of normal duration.
The condition ofthe sexual skin andvaginal mucosa indicates that
both estrogen and progesterone are present during a treatment with
chorionic gonadotrophin. The purplish-red color of the sexual skin
is a characteristic reaction to progesterone in an adult monkey, while
the vaginal condition is typical of that seen in castrated monkeys
which have been given simultaneous injections of estrogen and pro-
gesterone. (See Hisaw, Greep, and Fevold,21 plate 4.) The reap-
pearance of cornification in the vagina at the time of menstruation
strongly suggests that bleeding is brought on by the absence of pro-
gesterone rather than by a lack of estrogen.
The implication that chorionic gonadotrophin postponed men-
struation by prolonging the life of the corpus luteum, and conse-
quently the secretion of progesterone, can be discussed best after
considering the conditions found in the uterus and ovaries. It need
only be mentioned that without exception the endometria removed
during menstruation showed a complete progestational development
(table 1, monkeys 93, 95, 111, 113, and 122). Yet these endo-
metria differed from the normal condition at menstruation in several
respects. The most conspicuous difference was the fact that in three
of the five uteri examined the menstrual bleeding was restricted to
a rather small localized area immediately above the internal os of
the cervix uteri. This seems all the more interesting since in one
animal (95) the uterus was removed on the 5th day of bleeding, by
which time one should have expected a more extensive involvement
of the endometrium in the menstrual process. In a fourth monkey
(122) the blood came from two points located on the anterior and
posterior walls of the uterus, while in a fifth the uterus was used for
another purpose and such data were not obtained.
Not only was the menstrual hemorrhage limited to these locali-
ties, but the neighboringtissues showed no indications that menstrua-
tion was in progress orimmediately impending. There was no extra-
vasated blood in the tissues, and secretion in the uterine glands, in
most instances, was extremely active even when the length of the
experimental cyde was over 40 days. The nature of the bleeding in
the areas in which it occurred was also peculiar. In monkey 122,
for example, the surface epithelium was of normal thickness except
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at the points on the anterior and posterior walls where bleeding was
occurring. Here the surface epithelium was thin, the cells loosely
organized, and it could beseen that leukocytes had wandered through
into the lumen of the uterus. Where the surface epithelium
was normal the stroma immediately below was edematous but at the
points of bleeding it was dense. Neither the destruction of tissue
nor the extravasation of blood into the stroma seemed as extensive
as ordinarily occurs during normal menstruation. However, judg-
ing from the profuse bleeding that usually took place when men-
struation was allowed to run its course, one would think that finally
the entire endometrium was involved.
The blood vessels of these endometria also showed modifications
very similar to, if not identical with, those described by Wislocki and
Streeter26 for the uterus of the pregnant monkey. This involved
hypertrophy of the endothelium of the dilated, maternal capillaries
near the fetal-maternal junction and also some of the coiled"arteries
of the spongiosa and compacta. This, in certain instances, was so
extensive that it occluded the vessels. In some vessels not only were
cells proliferated into the lumen -but the reaction also seemed to
include the walls in a process which they called epithelioid cyto-
morphosis.
These vascular changes, as seen in the experimental material,
showed considerable variation, being more advanced in some uteri
than in others, but with the possible exception of one animal all
showed some endothelial hypertrophy. This variation was not cor-
related with length of treatment or the dosage of chorionic gonad-
otrophin. In fact, the reaction was most pronounced in mon-
key 95 (Fig. 1) which began bleeding on the 34th day and was killed
on the 38th. The only difference between this animal and the
others was the presence of two functional corpora lutea.
Bleeding in monkey 95 was limited entirely to a comparatively
small area at the cervix so the endometrial hemorrhage probably
had no influence on the condition of the blood vessels in the anterior
and posterior walls of the uterus. In these regions of the endo-
metrium, and to a lesser degree elsewhere, the capillaries and arte-
rioles immediately below the surface epithelium had conspicuously
thick walls and were considerably dilated. Hypertrophy of the
endothelium in this uterus was a common feature. In some vessels
the endothelial cells seemed to be drawn out into club-like exten-
sions while in others this was associated with proliferation as indi-
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FIG. 1. Endometrial blocd vessel showing epithelioid cytomorphosis from monkey 95 whose
menstrual cycle was prolonged by giving chorionic gonadotrophin. Bleeding occurred on the 34th
day and the animal was killed on the 38th day. Tissue destruction alnd bleeding were confined to
a small area at the ceivix. X450.
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cated by an occasional mitotic figure. These vascular modifications
did not seem to extend so deeply into the endometrium as did those
in the pregnant uterus, but they were probably the same, and, more
important, they developed in the absence of a placenta.
This resemblance to the conditions of early pregnancy was also
shown by the corpora lutea. Corpora from monkeys that had been
given chorionic gonadotrophin were compared with normal material
from the Carnegie collection, kindly loaned by Dr. Corner. The
resemblance of the corpora lutea of the experimental animals at the
time of bleeding and the corpus luteum of a 26-day pregnancy
(H.218) was very striking indeed (Fig. 2. Compare with Corner,8
Fig. 14). The morphology of the corpora of experimental animals
in which menstruation started on the 34th or 35th day (93, 95) after
receiving chorionic gonadotrophin for 15 and 16 days was about the
same as that ofanimals that bled on the 49th or 50th day (122, 130)
and had been on treatment for 31 and 32 days.
Certain peculiarities with regard to the histology of the corpora
lutea and uterine bleeding were observed in two monkeys (table 1,
monkeys 123, 131) that were continued on chorionic gonadotrophin
after the appearance of bleeding. Monkey 123, which had an
experimental cycle of 34 days and a menstruation of three days, men-
struated again 16 days later for four days and the ovary containing
the corpus luteum was removed on the 57th day. The other animal
(131) had a menstrual period of two days beginning on the 38th
day, and on continued treatment a second bleeding started on the
43rd day and lasted through the 51st, and a third began on the 55th
day and was in progress when the animal was killed on the 58th day.
These menstruations in monkey 131 were never profuse but were
sufficient to be detected externally.
PLATE II.
FIG. 2. Corpus luteum from monkey 95. Removed on the 38th day at the conclusion of a
menstrual cycle which had been prolonged by injections of chorionic gonadotrophin. The histology
of this corpus luteum is comparable with that found during the fourth week of a normal pregnancy.
x550.
FIG. 3. Corpus luteum from monkey 123, first observed as a young corpus luteum on the
30th day of the cycle. The animal was given chorionic gonadotrophin and bleeding began on the
34th day. The treatment was continued and a second bleeding started on the 50th day. The
ovary containing the corpus luteum was removed on the 57th day. At the conclusion of the
experiment the corpus seemed to be a corpus aberrans that was undergoing degeneration. X550.
FIG. 4. Corpus luteum from monkey 131. A young corpus luteum was found in the right
ovary on the 20th day of the cycle. Chorionic gonadotrophin was given and a menstruation began
on the 38th day. Continued treatment was associated with intermittent bleeding. The animal was
killed on the 58th day. At this time the corpus in the right ovary appeared to be a corpus aberrans
in a more advanced state of degeneration than that shown in Fig. 3. However, the corpus shown
in this figure (Fig. 4) was present in the left ovary. The history of this corpus is unknown but it
seems to be a recently formed corpus aberrans. X550.
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The corpus luteum of 123 was observed in the right ovary at
laparotomy on the 20th day of the cycle. On the 57th day, when
the ovary was removed, this corpus was still the most conspicuous
ovarian structure, but it had decreased considerably in size. The left
ovary was small and no luteal bodies or follicles were seen. The
histology of the corpus luteum (Fig. 3) seemed to show all the
major characteristics given by Corner' for a corpus aberrans. If, as
is thought, this corpus was formed at ovulation during the experi-
mental cycle it was about six weeks old when removed. The irregu-
larity of nudear shape, variation of cell size, vacuolation, and infil-
tration of round cells that were seen are indications of advanced age
and degeneration.
In monkey 131, the right ovary contained a recently ruptured
follicle when examined onthe 20th day ofthe cycle. The left ovary
was not more than half as large as the right and no luteal bodies
or follides were seen. When the animal was killed on the 58th day
the right ovary was still much the larger of the two and contained
an old corpus that was in a considerably more advanced state of
degeneration than the one seen in monkey 123. Its condition was
such that it could not be established with certainty that it had
become a corpus aberrans. However, in the left ovary a corpus
was found thatwas obviously a corpus aberrans (Fig. 4). Theorigin
ofthis corpus luteum is a puzzle, the solution of which is not assisted
in the least by the fact that histologically it appeared to be much
younger than the corpus in the opposite ovary and also than the one
from monkey 123.
These observations obviously are incomplete in several respects,
yet they do raise a number of questions concerning the influence
chorionic gonadotrophin might have on luteal origin, morphology,
and subsequent history. These apparently aberrant luteal bodies
were the most conspicuous structures present in the ovaries of the
two animals (123, 131) that were continued on chorionic gonado-
trophin beyond the first experimental bleeding. Their chief impor-
tance, for the present, was their association -with several other phe-
nomena. Bleeding during the continued treatment has already been
mentioned. The purplish-red color of the sexual skin present
before the first bleeding became lighter and more reddish or scarlet,
indicating a withdrawal of progesterone. As the treatment con-
tinued, cellular multiplication in the vaginal mucosa became active,
as shown by a great increase in thickness and the presence of Dierk's
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layer. Many glands of the uterine cervix showed squamous meta-
plasia (131). The endometrium (131) was thin and of an interval
type, but mitotic!divisions were quite common in the glands even
during active bleeding. These reactions are readily recognized as
estrogenic effects but the source of the estrogen is an open question.
It could be the luteal tissue.
Discussion
The experimental results that have been presented show that
injections of chorionic gonadotrophin (PU) prolong the secretory
life of the corpus luteum well beyond the normal limit of the men-
strual cycle (tables 1 and 2). They also show with equal clarity
that the pituitary luteotrophin (prolactin) does not possess this
ability (table 3).
The significance of these observations can be appreciated more
fully when they are coordinated with events that are known to occur
during the luteal phase of the menstrual cycle and early pregnancy
(Fig. 5). In order to make such comparisons, certain liberties were
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FIG. 5. A schematic presentation of the events of early pregnancy in the monkey and their
corielation with the effects of pituitary and chorionic luteotrophins administered during the luteal
phase of the menstrual cycle.
A. Development of the placenta. ov=ovulation, implant= implantation, villous stage. Develop-
ment of chorionic villi which is completed by about the-35th day. pl. sign=placental sign.
B. Endocrines of early pregnancy. AP lut.=pituitary luteotrophin. cl=corpus luteum. chorion.
lut. =chorionic luteotrophin.
C. Pituitary luteotrophin (prolactin). This hormone can not maintain luteal function beyond the
normal limit of the menstrual cycle. lap.=laparotomy.
D. Effects of chorionic gonadotrophin on the length of normal menstrual cycles. menses-esti-
mated average time of menstruation for untreated animals. av. bleeding-average time
of bleeding for experimental animals 28.9 days, range 21 to 40 days. ov=ovulation
assumed to have occurred on the 13th day of the cycle. Average length of 47 cycles was
26.5 days, hence luteal phase of 13.5 days in length.YALE JOURNAL OF BIOLOGY AND MEDICINE
taken which, it is felt, are permissible in view of the speculative
nature of much of the discussion. The time of ovulation has been
used consistently as the point of reference from which embryonic
development is dated. The observations by Hartman"7 on Macaca
mulatta indicate that ovulation occurs, on the average, at about the
13th day of the cycle. Therefore, it is assumed that ovulation also
took place at approximately the same time in the cycles of animals
used in these experiments. The average length of 47 normal cycles
(tables 1 and 3) recorded previous to treatment is 26.57 days. On
the basis of our assumption, the average length of the follicular
phase of these cycles would be 13 days and of the luteal phase, 13.5
days. Accordingly in Fig. S the luteal phase ofthe cycle is indicated
as ending 13.5 days afterovulation.
Wislocki and Streeter2" divide early placental development in
the macaque into three periods (Fig. 5, A). The first comprises the
9th and 10th days during which implantation of the free blastocyst
begins and a solid trophoblastic plate which invades the uterine epi-
thelium is formed. The second period lasts from the 1th to the
15th day. During this stage the solid tropho-blastic plate differen-
tiates into a reticulated mesh containing syncytial trophoblast, the
lacunae of which are filled with maternal blood. The third period
extends from the 14th or 15th day to the 35th day. This stage is
characterized by the development of chorionic villi and terminates
with the formation of the definitive placenta.
Several interesting correlations can be drawn between these three
periods of placental development and several endocrine events of
early pregnancy (Fig. 5, B). The most important is the fact that the
trophoblastic plate of the first period is complete and the develop-
ment of lacunae and syncytial trophoblast of the second period has
progressed for two days or longer before the 13th day, which is the
estimated length of the luteal phase of the menstrual cycle. Thus,
the ovum is firmly established in the endometrium before the
expected time of the next menstruation.
It is also significant that Delfs11 found that chorionic gonado-
trophin is present in the blood serum on the 14th day of pregnancy
in sufficient amount to give a positive test. This definitely falls
within the limits of Wislocki and Streeter's second period and
strongly suggests that the hormone might have been present in
smaller amounts for an appreciably longer time, possibly a day or
two before the 13th day. Delfs found that maximal concentration
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of chorionic gonadotrophin in the blood occurs between the 20th
and 25th day, after which there is a rapid decline and absence after
the 30th day. This upsurge and decline of chorionic gonadotrophin
is correlated with the third period during which chorionic villi are
developed and the formation of the placenta is completed.
From a physiological standpoint, the first 30 or 35 days of preg-
nancy can be divided into two parts. The first includes a period cor-
responding in length with the luteal phase of the menstrual cycle.
In the diagram (Fig. 5) this is represented as the first 13.5 days fol-
lowing ovulation. The length of this period in a menstrual cycle
that is uninterrupted by pregnancy probably varies considerably
(Hartman"7) and the time designated in the diagram is an estimated
average employed for the purposes of this discussion. It seems rea-
sonable to assume that during this period luteal function and the
concomitant secretion of progesterone are maintained by the action of
the luteotrophic hormone (prolactin) of the pituitary on the corpus
luteum.
One may wonder why it is not equally logical to assume that the
same pituitary-corpus luteum relationship might not continue well
into pregnancy. There are two reasons for thinking that this is not
so. The first and most dbvious is the fact that pituitary-luteotro-
phin, even when injected in large doses, does not prolong the luteal
phase of the menstrual cycle (table 3 and Fig. 5, C). Apparently
menstruation is not due necessarily to a lack or absence of pituitary-
luteotrophin, but rather to a failure of the corpus luteum. Under
the influence of pituitary-luteotrophin the corpus luteum seems to
have a physiological life span of rather definite length, at the end
of which it is no longer able to secrete progesterone. In fact, large
doses of the luteotrophic hormone may shorten the life of the cor-
pus luteum. The experimental cycles of the two monkeys given
240 i.u. of prolactin daily were shorter than the average of the four
preceding menstrual cycles. It might also be added that the corpora
lutea of rats respond in a similar way to pituitary luteotrophin (Ast-
wood, unpublished, confirmed by us) in that luteal function cannot
be maintained beyond the normal limit of pseudopregnancy.
The second reason for thinking that pituitary luteotrophin does
not play an important part in maintaining the conditions of gestation
is the fact that it seems unable to stimulate the secretion of estrogen.
The presence of estrogen during pregnancy is a common feature
among mammals. This seems especially true of those species in
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which the length of gestation greatly exceeds that of the estrous
cycle. It is present in primates, including the pregnant monkey
(Dorfman and van Wagenen'2), and in the rabbit it is essential for
a successful gestation (Allen'). Its function, probably, is that of
helping maintain uterine growth which is greatly facilitated by a
synergistic action with progesterone (Hisaw, Greep, and Fevold21).
Therefore, it seems that one of the physiological situations which
arise about 13 days after ovulation is the problem of providing for
a continuation of the presence of estrogen and progesterone. This is
accomplished by the secretion of a luteotrophic hormone (chorionic
gonadotrophin) by the trophoblast of the recently implanted ovum.
The luteotrophic hormone of the developing trophoblast has the
peculiar ability of taking over the action of the pituitary luteotrophin
and prolonging the physiological life of the corpus luteum (Fig.
5, D). The action of the luteotrophin of the trophoblast, however,
differs from that of the pituitary in at least one very important
respect, i.e., it can bring about the secretion of both estrogen and
progesterone. The extent, if any, to which the developing placenta
contributes to the secretion of estrogen during the first three or four
weeks of pregnancy has not been determined, but it has been demon-
strated in hypophysectomized rats that solidly luteinized ovaries can
be made to secrete estrogen by injecting human chorionic gonado-
trophin. It also has been found in women that chorionic gonadotro-
phin, when injected during the luteal phase of the menstrual cycle,
increases the amount of pregnanediol excreted in the urine (Browne
and Venning5).
The reproductive tract and sexual skin of monkeys, whose men-
strual cycles have been prolonged by chorionic gonadotrophin, show
conditions comparable with those induced in castrated animals by the
simultaneous injection of estrogen and progesterone. The only
difference is the markedendothelial changes inthe endometrial blood
vessels of animals given the chorionic hormone. This is in sharp
contrast with the effects observed by Engle"4 in monkeys given chor-
ionic gonadotrophin and in which corpora lutea were absent. He
found no indication that estrogen was secreted. In view of this it
seems not unreasonable to assume that in the experiments reported
here estrogen was secreted by the corpora lutea. This also suggests
that the corpus luteum may be the chief source of estrogen as
well as of progesterone from about the 14th to the 30th day of
pregnancy.
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In the 15 monkeys given chorionic gonadotrophin (table 1)
bleeding started 21 to 40 days (av. 28.9) after ovulation (Fig.
5, D). The progestational endometrium and other conditions pre-
viously mentioned as being present at the time bleeding began indi-
cate that the immediate cause of menstruation was the absence of
progesterone. Bleeding obviously could not have been due to a lack
of chorionic gonadotrophin as that hormnone was being injected.
Therefore, the effects of the placental and pituitary luteotrophins
are similar, in one respect, in that both can maintain luteal function
for only a limited time. However, the duration of luteal secretion
as induced by the two luteotrophins is of different lengths, being
about two weeks for the pituitary luteotrophin and somewhat over
four weeks for the placental hormone. There is also some indica-
tion that the age of the animal may influence the length of time that
a corpus luteum can be maintained by injections of chorionic luteo-
trophin. The first six monkeys listed in table 1 were young adults
and the average length of their experimental cycles was 37.6 days,
while the cycles of the nine that were fully mature averaged
44.7 days.
The morphology of the corpora lutea also furnishes a number
of interesting correlations between experimental and normal condi-
tions. Corner8 found that the morphology of the corpus luteum of
pregnancy was identical with that of the menstrual cycle until about
the fourth week. At this time a well-defined change took place and
the corpus luteum assumed the characteristics found during preg-
nancy. It is a very striking coincidence, indeed, which may be of
considerable importance, that the average time of bleeding for the
15 animals given chorionic gonadotrophin (table 1) should coincide
so closely with the time of transformation of the corpus luteum to
the pregnancy type (Fig. 5, B, D). Corner suggested that the
change of the-corpus luteum to the pregnancy type may be due to the
decrease in chorionic gonadotrophin which also occurs at about the
same time. This obviously cannot explain the situation in the
experimental animals where the placental luteotrophin was being
administered daily. It seems more likely that this change in luteal
morphology marks the end of a functional phase which normally
occurs even in the presence of the chorionic luteotrophin. In the
experimental animal, the most conspicuous phenomenon with which
this luteal modification is associated is bleeding, suggesting an inabil-
ity of the corpus luteum to secrete progesterone.
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The results of two experiments in which the injections of chor-
ionic gonadotrophin were continued beyond the time of bleeding
clearly demonstrate the absence of progesterone and the presence of
estrogen after menstruation. The change in color of the sexual skin,
thickening of the vaginal mucosa and formation of Dierk's layer,
squamous metaplasia in the cervical glands, and the interval type of
endometrium are sufficient to prove that estrogenic action was the
dominant feature at this time. The most important question, of
course, is the source of the estrogen. One possibility is that with the
change of the corpora lutea to the pregnancy type they cease secret-
ing progesterone but continue secreting estrogen.
The corpus luteum from monkey 123 shown in Fig. 3 was
removed on the 57th day following a second bleeding. At lapa-
rotomy on the 20th day of the cycle it had the appearance of a young
corpus. Its histology on the 57th day, as mentioned previously, was
that of a corpus aberrans undergoing involution. Involution of the
corpus luteum of monkey 131 at the end of 58 days was more
advanced than was that of 123, but in the opposite ovary was a luteal
body (Fig. 4) that dosely resembled corpora aberrantia as described
by Corner.9 Whether or not the estrogen that was present in such
experiments came from the corpora that had been modified first to
the pregnancy type and later transformed to corpora aberrantia will
require further study. However, it does seem that the estrogen
must have been of ovarian origin, and the fact that monkeys whose
ovaries did not contain corpora lutea failed to show estrogenic reac-
tions (Engle"4) when given chorionic gonadotrophin points to the
luteal tissue as its most probable source.
It is also worth noting that if the shift of the corpus luteum
to the pregnancy type marks the end of progesterone secretion, then
the time at which this change takes place must be quite variable.
The corpus luteum of monkey 95 (Fig. 2), which began bleeding on
the 34th day after 16 days of treatment, is almost if not quite identi-
cal with that of monkey 130 which bled at 50 days after 32 days of
treatment. Both of these corpora are very much like H218 of the
Carnegie collection which was removedon the 26th day of pregnancy
(Corner,8 plate 4, Fig. 14).
These observations and those of others indicate that gestation in
the monkey can be divided into three very definite but overlapping
periods (Fig. 5). The first is identical with the luteal phase of the
menstrual cycle. The uterine situation during this period is under
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the control of the pituitary luteotrophin (prolactin) which brings
aboutthe secretion of progesterone by the corpus luteum. Implanta-
tion of the ovum is accomplished by the end ofthe 10th day and the
second period is ushered in by the appearance of chorionic luteo-
trophin furnishedbythedevelopingtrophoblast. Thus, the develop-
ing placenta takes overthe luteotrophic functions ofthe pituitary and
prevents involution of the corpus luteum which would have occurred
attheexpected time ofmenstruation had it remainedsolely underthe
influenceofthe pituitary luteotrophin. The second period ends with
the modification of the corpus luteum to the pregnancy type and the
cessation of thesecretion ofprogesterone. In non-pregnant monkeys
on chorionic luteotrophin this functional change in the corpus luteum
occurs at about the end of the fourth week after ovulation (av. 28.9
days) and is marked by menstruation from a progestational endo-
metrium. It also seems probable that by the end of the second
period in a normal pregnancy the corpus luteum is no longer capable
of secreting progesterone.
The third period of pregnancy begins with the loss of luteal
function by the corpus luteum and continues until parturition. Dur-
ing this period the placenta is apparently the dominant endocrine
organ of gestation. Just how it is maintained is not known, but it
probably is a self-contained, autonomous structure capable of func-
tioning without the assistance of other endocrine organs. The pla-
centa is well formed by the end of the second period, by which time
it probably has assumed both pituitary and ovarian function. At
least the corpus luteum can be dispensed with by the 25th day
(Hartman"8 19). Also, the placenta will remain until term and con-
tinue to secrete estrogen in the absence of both ovaries and fetus
(Dorfman and van Wagenen,12 van Wagenen and Newton25).
In monkeys, the secretion of progesterone by the placenta has
not been demonstrated nor has chorionic gonadotrophin been found
beyond the 30th day. Both of these hormones are present in preg-
nant women during the time comparable with the third period of
pregnancy proposed for the monkey. In the monkey, these hor-
mones probably are present in low concentration and could be found
in the placenta rather than in the blood and urine. In whatever way
this may be, the known facts are sufficient to indicate an adoption of
pituitary and ovarian function by the placenta. As far as the pitui-
tary luteotrophin is concerned, the pituitary could be removed soon
after the beginning of the second period. It also seems reasonable
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to expect that during the third period the placenta alone could main-
tain the normal physiological conditions of pregnancy in the absence
of the pituitary, ovaries, and fetus.
Summary
Fifteen monkeys (Macaca mulatta) whose menstrual cycles (47
cycles) averaged 26.5 days were given daily injections of chorionic
gonadotrophin (Prolan B, PU) beginning between the 18th and
24th days and continued until the next menstruation. The average
length of the experimental cycles was 41.9 days. In each animal
the presence of a functional corpus luteum was established by lapa-
rotomy at the beginning of the experiment. The lengthening of
the cycles was associated with a continuation of luteal function as
shown by the progestational endometria and other luteal effects.
The morphology ofthe corpora lutea was modified to that of normal
pregnancy and the blood vessels of the endometrium, in certain
instances, underwent an epithelioid cytomorphosis closely resembling
that described by Wislocki and Streeter for the maternal vessels of
the monkey's placenta.
Two animals were continued on chorionic gonadotrophin during
and beyond the time of experimental bleeding. One (123) had a
second menstruation of normal length which started 16 days later,
the other (131) experienced intermittent bleeding for the next 20
days. These animals showed indications of the absence of proges-
terone immediately after the first menstruation and developed
responses characteristic of estrogen, including metaplasia of the
cervical glands (131).. Corpora aberrantia were found in the ovaries
of both of these animals.
Corpora lutea were produced in four monkeys by giving pituitary
gonadotrophic hormones andblood serum ofpregnant mares. These
artificially induced corpora lutea continued to function under the
influence of chorionic gonadotrophin for approximately the same
length of time as do normal corpora.
Four monkeys were given pituitary luteotrophin (prolactin) in
an attempt to prolong luteal functions. The experimental cycles of
these animals were normal in length, thus indicating that the pitui-
tary luteotrophin cannot maintain the corpus luteum beyond the
limit of the luteal phase of a normal menstrual cycle.
These data and those of other investigators were employed in a
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speculative discussion of the endocrine interrelationships of gesta-
tion ofthe monkey.
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